Background: Because cardiovascular function and hemodynamics markedly change during pregnancy, our aim was to elucidate left ventricular (L V) diastolic function in pregnant women.
M
atemal cardiovascular functions change markedly during pregnancy and adapt to fluctuating hemodynamics to aid the development of the fetus and to protect the mother from the risks of delivery. 1 For instance, the left ventricular (LV) chamber size and L V mass enlarge with preserved L V contraction. 1 -3 These changes begin early in pregnancy and reach their peak during the 2nd and 3rd trimesters (14-27 weeks and 28 weeks-delivery, respectively). 4 However, the change in cardiac diastolic function during pregnancy is not well known. 5 , 6 In women with a previous history of preeclampsia, cardiac diastolic function was reported to worsen in middle age. 7 , 8 Additionally, Aggarwal et al indicated that high parity was a risk factor for diastolic dysfunction despite the absence of a history of preeclampsia. 9 These findings suggest that cardiac diastolic function may be impaired during the normal peripartum period. Thus, we aimed to elucidate the changes in cardiac diastolic function during pregnancy and early after delivery.
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Methods
Patient Population
We prospectively enrolled 405 pregnant women during the 3rd trimester (28-30 weeks of gestation) at Tazuke Kofukai Medical Research Institute, Kitano Hospital between February 2012 and February 2013. The women underwent cardiac echocardiography during the 3rd trimester and within 4 days of delivery. We excluded those whose parameters of cardiac diastolic function were not assessed via echocardiography during the 3rd trimester (n=3) or within 4 days of delivery (n=S). Finally, we included 397 pregnant women.
Data Collection
The following peripartum characteristics were assessed: 
Echocardiography
Cardiac function was evaluated by 2 cardiac sonographers with experience in research echocardiography during the 3rd trimester and within 4 days of delivery. 
Cardiac Geometry
We analyzed the cardiac geometry in pregnant women whose body surface area (BSA) was recorded (n=302). 
Statistical Analysis
Categorical variables are expressed as numbers and percentages. Continuous variables are expressed as mean±standard deviation or as median and interquartile range (IQR). When comparing prepartum and postpartum data, the paired t-test was used for continuous variables. Correlation analysis for cardiac diastolic function (e' and E/e') was conducted with Pearson's product-moment. A P-value <0.05 was considered statistically significant in all analyses.
Statistical analyses were performed using JMP version 14 (SAS Corp., Cary, NC, USA).
Results
Baseline Characteristics
The baseline data of the 397 pregnant women are presented in Table 1 . Their mean age was 33.7±5.0 years and 46% of the women had advanced maternal age (~35 years). The mean parity was 1.41±0.70 and 64% were primipara. The prevalence of hypertensive disorders in pregnancy (HDP) was 4.0%. Cesarean section accounted for 17% of deliveries and approximately 34% of women underwent induction of labor, which predominantly involved usage of oxytocin. The median duration of delivery was 7.2 (IQR: 4.2-12.2) h. There were no maternal deaths during the peripartum period. 
Echocardiographic Findings During the Peripartum Period
The results of echocardiography during the 3rd trimester and within 4 days of delivery are summarized in Table 2 .
In all pregnant women, L VEF was maintained at more than 50% during the peripartum period. geometry, 1. 7% of the pregnant women exhibited eccentric hypertrophy after delivery; however, the rest mostly exhibited normal geometry during pregnancy and after delivery.
There was no significant difference in the echocardiographic findings and L V geometry (R WT and L VMI) during the 3rd trimester between women with or without HOP. However, L V wall thickness, R WT, and L VMI after delivery were higher in women with HOP compared with those without HOP (IVST: 7 .63±0.96 vs. 6 
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Figure. Classification of left ventricular diastolic function during the peripartum period. (A) Correlation between e' and E/e' during the 3rd trimester (28-30 weeks of gestation). (B)
Correlation between e' and E/e' within 4 days of delivery. The women were classified into 4 groups: G1 (e' ?.7 and E/e' ~15), G2 (e' ?.7 and E/e' >15), G3 (e' <7 and E/e' ~15), and G4 (e' <7 and E/e' > 15). The red dots show women with hypertensive disorders in pregnancy. (C) Classification of left ventricular diastolic function during the 3rd trimester and within 4 days of delivery. The number in the squares indicate the number of pregnant women changing their group. G, group; E, mitral peak E-wave velocity; e', early diastolic mitral annulus velocity. Table 2) . Additionally, cardiac diastolic function during the 3rd trimester correlated with age (e': R=-0.26, P<0.0001; and E/e': R=0.18, P=0.0003) and LVMI (e': R=-0.24, P<0.0001; and E/e': R=0.14, P=0.007). Cardiac diastolic function after delivery was associated with the prevalence of HDP (e': P=0.035; and E/e': P=0.032) and correlated with age (e': R=-0.17, P=0.0009; and E/e': R=0.13, P=0.009) and LVMI (e': R=-0.30, P<0.0001; and E/e': R=0.25, P<0.0001). However, almost all these changes in diastolic function remained within the normal range (Figure, Group 1) and only 1 woman had LV diastolic dysfunction after delivery (1/397, 0.3%) (Figure, Group 4) . In total 1 % of the study population had a low e' ( <7 emfs) and normal E/e' (~15) (Figure, Group 3) .
P<0.0001] (
Discussion
The main findings of this study were as follows: (1) cardiac diastolic function in pregnant women slightly decreased after delivery and was associated with the prevalence of HDP, and correlated with age and LVMI; and (2) cardiac diastolic function was preserved during normal pregnancy and the prevalence of diastolic dysfunction after delivery was only 0.3% in women with a normal pregnancy. Generally, LV function with preserved LVEF is assessed by a combination of e', E/e', peak velocity of tricuspid regurgitation (TR velocity), and LAVl. 11 TR velocity is affected by ventricular loading conditions, 11 so this parameter may not be useful in pregnant women with increased blood volume. 16 LA VI reflects the cumulative effects of increased L V filling pressure over time 11 and is difficult to use to assess short-term changes in diastolic function during pregnancy. However, in the current study LAVI was elevated after delivery. Therefore, the increased volume status might have affected the increase in LA VI, in addition to the cumulative effects of increased L V filling pressure. On the other hand, tissue Doppler imaging is less loaddependent than conventional blood-pool Doppler parameters and is a more accurate method for evaluating cardiac diastolic function during pregnancy. 11 , 17 Considering these, we selected e' and E/e' for evaluation of cardiac diastolic function during the peripartum period.
In general, women with a normal pregnancy demonstrate normal cardiac geometry during pregnancy . 1 8-20 However, the change in cardiac geometry in pregnant women from the 3rd trimester to early after delivery is not well known. In the current study, almost all the pregnant women exhibited normal cardiac geometry, but some exhibited an eccentric hypertrophy after delivery. RWT did not significantly change after delivery but L VMI was significantly increased, because L V wall thickness increases with enlarged L V dimensions. 21 Kim et al reported eccentric hypertrophy in 24% of women with a normal pregnancy at 33 weeks of gestation. 12 Cardiac geometry with eccentric hypertrophy shows a spherical left ventricle, which is best adapted to efficient diastolic filling and increased stroke volume. 13 This change in geometry may occur late in the 3rd trimester in order to adapt to the increase in blood plasma and L V filling pressure. In pregnant women with HDP, the prevalence of eccentric hypertrophy increases up to 40%. 20 Additionally, approximately 20% of pregnant women with HDP demonstrate cardiac geometry with concentric remodeling. I 9 , 20 The mechanism of concentric remodeling is considered to be the increase in peripheral resistance with a decrease in preload caused by a contraction of the intravascular volume, as in preeclampsia. 22 In the current study, the blood pressure at echocardiography was significantly higher after delivery than during the 3rd trimester. The value of e' is less affected by afterload, whereas, transmitral flow is affected by L V volume and afterload. 11 However, the change in blood pressure after delivery was within the normal range, which may be associated with the mechanism of the change in systemic vascular resistance (SVR) during pregnancy. SVR decreased over the course of pregnancy, with the lowest value being 30% below the non-pregnant value during the early 3rd trimester.I After delivery, the SVR gradually returned to the non-pregnant value.I The changes in blood pressure after delivery were caused by the decrease in SVR during pregnancy. Additionally, the values of e' and E/e' after delivery in the current study were slightly low compared with those in normal non-pregnant women in a previously reported study (e': 13.1±2.4cm/s in the 20s age group, 12.8±2.4cm/s in the 30s; and E/e': 7.1±1.6 in the 20s, 6.8±1.5 in the 30s). 13 The blood pressure at echocardiography in the normal non-pregnant women is similar to that observed in the current study (systolic blood pressure: 109±13mmHg in the 20s, 112±9mmHg in the 30s and diastolic blood pressure: 68±10mmHg in the 20s, 69±7mmHg in the 30s). 23 Based on these results, the effect of blood pressure on the changes in diastolic function is considered to be small. Cardiac diastolic function is reported to decrease during the 3rd trimester and to recover 6 months after delivery in women with a normal pregnancy. 5 , 24 The present study additionally showed that diastolic function further decreases early after delivery compared with during the 3rd trimester. These changes in diastolic function were within the normal ranges but the cutoff values of e' and E/e', which were used for the evaluation of diastolic dysfunction in the current study, did not consider age and sex. Therefore, we evaluated the prevalence of diastolic dysfunction using the cutoff values of e' and E/e' at the 2SD limit of the age-and sexadjusted values for normal people. 2 3, 2 5 These yielded a prevalence of diastolic dysfunction during the 3rd trimester of0.7% (3/397), which increased after delivery up to 2.0% (8/397). Considering these results, some women with a normal pregnancy might develop diastolic dysfunction early after delivery. Additionally, the decreased diastolic function may accumulate during each pregnancy and delivery. Aggarwal et al reported that high parity (:2:5 live births) was associated with the presence of LV diastolic dysfunction. 9 According to the present study's results, pregnant women with advanced age, HDP, or elevated L VMI have a propensity for reduced diastolic function. L V diastolic dysfunction during the peripartum period can cause heart failure despite preserved L VEF; 26 therefore, not only cardiac systolic function but also diastolic function should be evaluated in order to predict heart failure with preserved L VEF during the peripartum period.
Study Limitations
First, there may have been variability in the echocardiographic data because 2 cardiac sonographers performed the examinations. Second, the pregnant women in this study were slightly older than is found in the general population in Japan 27 because they were attending a general hospital. Therefore, selection bias in participant enrollment cannot be excluded. Third, we did not perform strain analysis during echocardiography for the evaluation of systolic and diastolic function. Fourth, we followed up the patients for only 4 days after delivery and evaluated the diastolic function early after delivery. Finally, prospective studies are needed to investigate the relationship between changes in the diastolic function and peripartum cardiomyopathy.
In conclusion, cardiac diastolic function in pregnant women significantly decreased after delivery, and was associated with the prevalence of HDP, and correlated with age and L VMI. However, these changes in diastolic function remained within the normal range, and diastolic function was preserved during the normal peripartum period.
